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ABSTRACT 

Software development’s organizational design is 

often characterized by geographical dispersion and 

virtual team work. In this setup, communication is an 

essential task. We study this task by analyzing the 

association between communication structure and 

efficiency of the issue tracking process. This key 

process within software development is primarily 

carried out digitally and thus provides a suitable 

data set for analysis. We find that communication 

structure is associated with issue tracking efficiency 

in a case study at a large business software vendor. 

Keywords: Communication, Issue Tracking, 

Efficiency, Social Network Analysis, Software 

Industry. 

INTRODUCTION 

The software industry is currently facing a trans-

formation towards agile and lean software enginee-

ring principles [31]. Key elements of these concepts 

are close and informal collaboration and communica-

tion between team members [30]. Another observable 

trend in the industry is the increasing dispersion of 

work by means of globally distributed development 

and virtual team work. This evolution of the organi-

zation of work has been adopted from the experience 

of other industries [38]. As opposed to traditional 

organization forms, informal work gains importance 

in this setup [20]. This leads to challenges in determi-

ning the efficiency of work groups and processes. 

However, virtual work is often supported by techno-

logy which benefits data availability for research 

purposes. In the case of virtual work, communication 

data best reflects the informal collaboration patterns 

required to execute processes. 

The scientific communities‟ interest in performance 

implications of group communication dates back to 

[25, 16]. These early works stemmed from the social 

sciences and conducted research in laboratory 

settings. They provided first evidence that 

communication structure does indeed have an 

influence on group performance. Later works from 

the field of social network analysis had a broader 

scope but methodologically relied on surveying 

participants in order to build sociometric matrices 

that reflect communication and collaboration struc-

ture. For example, [3, 36] conduct studies in the field 

of academia. Here, student courses are studied by 

means of surveying network data and performance 

attributes from participants. Despite studying acade-

mic teams as well, [13] utilize the availability of 

electronic communication data which has recently 

become available due to the immense growth in 

usage of e-mail and online collaboration tools. With 

the availability of large data sources, researchers 

were able to enhance the debate by a social network 

analysis [39] perspective which is best applied on 

large networks [33]. Several works found network 

metrics in communication structure to be associated 

with group performance. Centrality [11] has been 

found to be a central concept of SNA. For example, 

[27] found that it is beneficial for coordination in the

Enron e-mail dataset and [1] found that it is

associated with the individual performance of

members of virtual research and development groups.

Other measures like network density have been found

to be negatively associated with communication effi-

ciency [40].

The availability of large electronic datasets did not 

only foster the use of social network analysis as 

research methodology, but also broadened the re-

search scope. Many scholars followed von Hippel‟s 

and von Krogh‟s  research call [18] to utilize the vast 

amount of data provided by the open source software 

development community for research in the field of 

organization science. This proposal is in line with 

[34, 35] who demand tighter links between organiza-

tion science and information systems research. 

Research on the collaborative process of open source 

software development has largely concentrated on 

data provided by sourceforge.net, a leading hosting 

service which is perceived to be the most suitable 

data source for this kind of analysis [37, 40]. 

However, scholars have frequently addressed inter-

project structure–e.g. which developers are active in 

which projects at the same time [28]. Intra-project 

communication has less frequently been analyzed 

(e.g. [7]) in both closed and open source development 

projects–especially with regard to process efficiency 
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instead of project success [26]. We therefore address 

the open research question whether intra-group com-

munication structure is associated with the efficiency 

of the issue tracking process. 

Network analysis on group level has become popular 

as opposed to the individual perspective taken by 

early works in the field of social network analysis 

[8]. This is in line with the observation that many 

organizations have re-organized their work around 

teams for reasons of flexibility and optimal utilization 

of resources [12, 23]. Software development is fol-

lowing this trend and is often carried out in teamwork 

[4, 17]. In order to maximize the concept‟s benefits, 

it is often exercised as virtual team work with 

geographically and culturally dispersed teams [38]. It 

is often the case, that this group work is not formally 

established but carried out in informal workgroups 

[20]. 

In this context of virtual group work, efficiency 

measures are hard to define. Managers need to 

abstract from evaluations of single employees and 

should rather look at processes. We therefore restrict 

our research question to communication in virtual 

work and analyze its association with efficiency of 

the software industry‟s issue tracking process. 

The remainder of this paper is structured as follows. 

In the next section, we introduce our research 

hypotheses. Next, the issue tracking process is 

discussed and our research site is introduced. Finally, 

we present the results of our empirical analysis and 

close with a conclusion that also gives an outlook on 

future work. 

RESEARCH HYPOTHESES 

We propose three hypotheses in order to answer our 

research question whether communication structure 

and issue tracking efficiency are associated in the 

context of the software industry. 

HYPOTHESIS 1: Communication Frequency is Posi-

tively Associated with Issue Tracking  Efficiency 

In the first hypothesis, we analyze the degree of 

communication between employees executing a 

process. This hypothesis is tailored to knowledge 

work which is the predominant type of work in the 

software industry. While an efficient process in the 

manufacturing industry is one with little manual 

interference and reliable automation, the software 

industry has not reached the same degree of process 

maturity yet [30]. Processes in the software industry 

must rather be seen as human centered and 

collaborative. We assume that the degree of 

communication is positively correlated with process 

efficiency since communication is a central aspect of 

collaboration. While needing further refinement in a 

case study in order to adjust the metric to the 

application domain, we comprehend communication 

as exchange between various employees and not as 

intensity of dialogs. This hypothesis‟ suitability is 

backed by Bulkley & van Alstyne [5] who found that 

more frequent communication is positively associated 

with outcome. 

HYPOTHESIS 2: Homogeneity in Communication 

Patterns is Positively Associated with Issue Tracking 

Efficiency 

While Hypothesis 1 is intended to be analyzed on a 

single process execution level, our second hypothesis 

abstracts this perspective to a process participant 

level. Several executions of the same process are 

considered here. We believe this aggregation to be 

useful for two reasons. First, our case study based 

research must claim to have managerial implications. 

These are more expressive when aggregated over 

several process executions. Improvements are not 

able to be performed ex post on single process 

executions. They are rather applied to the process 

itself including all future runs. Therefore, aggregation 

of process execution data is useful for the derivation 

of more expressive improvements. Second, we 

believe that Hypothesis 2 is less prone to interfering 

effects than Hypothesis 1. There might be hidden 

causalities in the effect of communication on process 

efficiency of single process iterations that can be 

reduced by aggregation. 

The metric analyzed on this aggregated level is the 

homogeneity of communication patterns. It says 

whether a process is executed in a more efficient way 

when all members and iterations communicate in a 

similar way. Despite again leaving the detailed 

definition of this metric to the context specific case 

study design, we advise to utilize a common 

statistical measure of homogeneity as the standard 

deviation and the context specific definition of 

communication used in Hypothesis 1. Gloor et al. 

[13] used a similar hypothesis and found that a

balanced communication behavior correlates with

performance.

HYPOTHESIS 3: Communication Network Structure is 

Associated with Issue Tracking Efficiency 

Hypothesis 3 builds on hypothesis 2 as it also 

considers all employees active in the issue tracking 

process. Here, we analyze whether communication 

structure–measured by means of common metrics of 
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social network analysis–is associated with issue 

tracking efficiency. This hypothesis is formulated 

without an assumption regarding the sign of the 

correlation. Even more interesting than the question 

whether network structure boosts or hinders process 

efficiency is that whether a significant relationship 

exists at all. Mehra & Kilduff & Brass [29] have 

chosen a similar hypothesis and found that centrality 

as one common social network metric is associated 

with outcome. 

 

In its combination, these three hypotheses provide a 

holistic perspective on the association between 

communication structure and issue tracking 

efficiency. All three hypotheses have been analyzed 

and confirmed in similar definitions in the related 

work. 

 

ISSUE TRACKING 

 

In the software industry, issue tracking is a central 

quality assurance process. When a tester experiences 

an unspecified behavior of a software product, he or 

she reports the incident in the so called issue tracking 

system. These systems are usually fully integrated 

solutions that comprise user management, issue 

report handling, search, and communication support 

[19]. 

 

At our research site, an issue report contains four data 

fields: 

 

 The software component, where the tester 

believes that the problem might originate from, 

 optionally the name of a processor, who should 

look into the issue next, 

 a priority indicating the urgency of resolution 

according to defined service level agreements, 

and 

 a full text description of the unspecified behavior 

containing information on how to reproduce the 

problem. 

 

The issue tracking process is highly collaborative and 

usually involves different employees from reporting 

of the incident to resolution of the issue. An issue 

therefore consists of several actions that can be 

defined as elementary steps of collaboration. These 

actions are the main data source for our analysis since 

they reflect the communication between different 

employees that led to the resolution of an issue 

report. 

 

According to [6], the issue tracking process consists 

of the following main steps: 

 

 find a problem while using system, 

 attempt to resolve problem, 

 attempt to find workaround, 

 diagnose the problem, 

 design a fix for the bug, 

 write the code for the fix, and 

 recompile the module and link it with the rest of 

the system. 

 

Figure 1 provides a fictitious example of an issue 

with six actions of three different employees. It 

demonstrates the existence of several informal roles 

present in issue tracking such as the reporter of the 

problem, a supportive employee that re-directs the 

issue, and a developer that finds a solution to the 

problem [22]. 

 

Most important for our analysis is the sequence of 

employees involved in the issue resolution. In an 

industrial setup with defined service level agreements 

specifying the maximal processing time (i.e. time 

from reporting to resolution of an issue), the process 

cannot solely rely on coincidental or voluntary 

participation. It rather allots groups of employees 

observing component queues. Since every issue 

needs to be assigned to a software component at all 

times, there is a responsibility for the corresponding 

group to process issues in their queue in a given 

amount of time. Therefore, it is not required to know 

a peer employee who is skilled in a certain matter, 

but to assign an issue to a software component only. 

However, the optional „processor‟ field allows 

addressing a specific employee directly. 

 

Based on this process definition, we are able to 

transform the technical issue tracking system into a 

suitable data base for our analysis. We restricted the 

corpus of 60 months of issue tracking data conducted 

in the analyzed application group to those issues that 

were resolved in order to be able to calculate the total 

processing time of the issue. This indicator is 

commonly used as a measure of the efficiency of 

issue processing (e.g. [9, 32, 2]). 

 

In order to carry out communication network 

analysis, we need to define sub-groups in our applica-

tion group. We chose the strategy to define employ-

ees who work on issues of a software component to 

belong to the same group. There is an overlap in this 

group definition which is unavoidable in the complex 

and networked software engineering process. 

However, overlapping groups are a well known and 

solvable problem in social network analysis (cf. 

[10]). In order to be able to perform this selection, we 

removed all issues from our data where the initial 
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judgment of the affected software component was 

wrong and a different component was assigned in the 

course of processing. In order to omit very small 

groups, all group based analysis involved filtering 

according to a parametric minimal number of issues 

assigned to a software component. 

 

RESEARCH SITE 

 

In order to empirically validate our research hypothe-

ses, we carried out a quantitative case study in the 

software industry. We cooperated with a leading 

European business software vendor. 

 

Due to the size of the analyzed company that is a 

global player in the enterprise-resource-planning 

software market, it was first necessary to find a 

cooperating department that the case study could be 

carried out in. Gathering data from all product lines 

and international affiliations seemed unreasonable. 

Instead, we focused our search on departments that 

are distinguishable from other groups within the 

company and have a sufficient size of 500 to 2000 

employees. The selected group is a reasonable choice 

regarding these criteria, though we cannot provide 

identifying details due to confidentiality reasons. 

 

ANALYSIS & RESULTS 

 

All three research hypotheses use the same measure 

for issue tracking efficiency. We measure it as the 

issue‟s processing time as follows: 

 

)()( 1atat compl , 

 

where niai 1,  are the actions that the issue has 

taken and icompl aa , where 

 

)completed'')(:1max( jastatusnji   

 

where t is a function that retrieves the date of an 

action and status is a function that retrieves the 

processing status of an action. Most important about 

this definition is the fact that the corpus was 

restricted to confirmed issues, that is the problem was 

set to status „completed‟ by a processor and to 

„confirmed‟ by the original reporter. However, issues 

can be reopened (i.e. return to status „in process‟ 

from „completed‟ in the case of a negative 

confirmation by the reporter). Therefore, the 

processing time is defined to be the time between the 

reporting of the issue and the last solving action 

before being confirmed. 

 

All three hypotheses are analyzed by means of 

correlation analysis. We calculated Pearson‟s corre-

lation coefficient and validated the statistical signify-

cance (p-value) of our findings with the Pearson 

product-moment test [14]. 

 

HYPOTHESIS 1: Communication Frequency is Po-

sitively Associated with Issue Tracking Efficiency 

 

In the context of the issue tracking process, the term 

communication can have different interpretations. 

Due to its collaborative nature, the entire process 

consists of communicative acts. An issue consists of 

several actions which can be either status changes or 

text messages. Each is an act of communication to 

colleagues with the common goal to resolve the 

problem. It is therefore important to find a context-

Issue ID: 329483 Component: UserInterface 
Status: confirmed Priority: High 

   

 Action 1 Date: 2009-09-15 09:03 
Author: John Tester Status: new 
 
Hello colleagues, 
after I clicked ABC I got error XYZ. Any ideas? 

 

 ↓  

 Action 2 Date: 2009-09-15 09:07 
Author: Julia Helper Status: in process 
 
Dear John, 
did this problem occur in screen 1 or 2? 

 

 ↓  

 Action 3 Date: 2009-09-15 11:42 
Author: John Tester Status: in process 
 
Screen 1 was active before I got the error message. 

 

 ↓  

 Action 4 Date: 2009-09-15 14:13 
Author: Julia Helper Status: in process 
 
Pete, can you please help in this, since you are part 
of the development team for screen one? 

 

 ↓  

 Action 5 Date: 2009-09-16 08:16 
Author: Pete Developer Status: completed 
 
Dear John, I found a bug in the code of screen 1 
and fixed it. Does it work now? 

 

 ↓  

 Action 6 Date: 2009-09-16 17:54 
Author: John Tester Status: confirmed 
 
Pete, thanks a lot for your help, I confirm that your 
fix helped and everything works fine now for me. 

 

   

Figure 1. Sample Issue (fictitious data) 
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specific, meaningful measure of the degree of 

communication frequency. 

 

Trivially defining the communication frequency 

measure as the number of actions in an issue is not 

appropriate due to the causal impact on processing 

time which leads to a spurious correlation. Issues that 

require many steps to be solved process longer. 

 

We defined a more suitable measure of communica-

tion in the issue tracking process. The communica-

tion index CIi of an issue i is defined as the number 

of distinct processors of the issue divided by the 

number of actions of the issue. CIi can take values 

between 0 (exclusive), representing a single solilo-

quizing processor, to 1 (inclusive), representing mul-

tiple processors each contributing to the issue exactly 

once. 

 

In order to check the first hypothesis, we correlated 

all issues‟ communication index with their processing 

time. The results are shown in Table 2. 

Processing time and communication index are 

negatively correlated. The correlation is statistically 

significant and sufficiently distinct in terms of an 

industrial data base that is seldom free of noise. 

 

The negative sign of the correlation coefficient is 

expected and supports the hypothesis as formulated 

in this section‟s title, since higher communication 

frequency is reflected in high values of the 

communication index and higher efficiency in form 

of faster processing is reflected in low values of 

processing time. We therefore regard hypothesis 1 as 

being supported in our setup. 

 

HYPOTHESIS 2: Homogeneity in Communication 

Patterns is Positively Associated with Issue 

Tracking Efficiency 

 

In Hypothesis 2, we leave the issue based perspective 

and aggregate issues of identical software 

components to groups. As shown in the process 

description above, queues of issues assigned to 

software components are monitored by groups of 

employees. Therefore, we find that this grouping 

alternative is the one most closely aligned to our 

process. This finding was confirmed by domain 

experts from the corresponding application group. 

 

In a first attempt of group based correlation analysis, 

we tried to re-validate Hypothesis 1 by means of 

taking averages of the communication index and 

processing times of all issues belonging to a group. 

However, this variant of Hypothesis 1 is not 

correlated at a significance level of p = 0.1. One 

explanation is that taking the average of the 

communication index yields very similar values 

across different groups. 

Despite the averaged communication index being 

similar across different groups, we observed that 

there is sufficient variation in the homogeneity of 

groups‟ communication patterns. Given a group G as 

a set of issues of the same software component, we 

define its communication homogeneity index as 

 

GiCIHI iG : , 

 

where σ is the standard deviation function. Low 

values of HIG represent homogenously communica-

ting groups whereas high values mean that different 

issues of a group are solved by means of different 

degrees of communication. 

 

We checked Hypothesis 2 by correlating a group‟s 

communication homogeneity index with the average 

processing time of its issues. The universal set was 

derived by filtering those groups that contained less 

than 200 issues. The results are shown in Table 3. 

 

Considering our industrial setup with noisy data, the 

second hypothesis‟ correlation can be interpreted to 

be strong. It is significant at the 5% level. 

 

HYPOTHESIS 3: Communication Network Struc-

ture is Associated with Issue Tracking Efficiency 

 

In our third hypothesis, we address more complex 

facets of communication by analyzing network struc-

ture. Related work has shown that the communicative 

ties between employees have an influence on 

performance. We validate these findings in our issue 

tracking database. 

 

Table 2. Results of the Correlation Analysis of 

Hypothesis 1 

Universal Set n = 26044 issues 

Pearson‟s Correlation Factor c = -0.24 

Statistical Significance p < 0.001 
 

Table 3. Results of the Correlation Analysis of 

Hypothesis 2 

Universal Set n = 18 groups 

Pearson‟s Correlation Factor c = 0.56 

Statistical Significance p = 0.02 
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For this purpose, we adopt the issue grouping 

mechanism according to software components from 

Hypothesis 2. For each group G and the set of issues 

IG therein, we aggregate the set EG of employees 

participating in any of these issues and the sets EG,I  

of employees participating in issue I of group G. We 

then build the social network graph SNG of a group as 
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where 

hGhGGji EjEiIhjihv ,,, ,,,:  

 

In short, a relation between two employees is valued 

with the number of issues they have jointly worked 

on. 

 

Building on this graph definition, we have applied 

common measures in the field of Social Network 

Analysis on the graph of each group and correlated 

their outcome with the group‟s issues‟ average 

processing time. The universal set was derived by 

filtering those groups that contained less than 20 

issues. The filter was chosen to allow for smaller 

groups compared to Hypothesis 2 since network 

metrics can already be calculated on groups of this 

size. 

 

The results with the choice of the social network 

metric betweenness centrality are shown in Table 4. 

The choice of a centrality metric is frequent in related 

work. For example, Sparrowe et al. [36] state: 

“Centrality, the extent to which a given individual is 

connected to others in a network, is the structural 

property most often associated with instrumental 

outcomes.” 

 

The results with the choice of the social network 

metric Krackhardt efficiency [24] are shown in Table 

5. It is specifically designed for informal organization 

structures and therefore matches our process 

orientation paradigm. A social network is efficient in 

Krackhardt‟s definition when there are just as many 

connections as required to weakly connect all 

members.  

 

Both metrics show a significant correlation. Without 

going into a detailed analysis of the metric‟s 

interpretation which would be beyond the scope of 

the hypothesis‟ formulation, the analysis supports our 

hypothesis that communication network structure is 

associated with issue tracking efficiency. 

 

CONCLUSIONS 

 

In this paper, we analyzed the effect of 

communication structure on issue tracking efficiency 

in the software industry. We empirically evaluated 

our research question in a case study with a leading 

business software vendor. 

 

We found that communication frequency is 

associated with issue tracking efficiency. When 

viewing multiple process executions, those groups of 

issues are most efficiently resolved that have a 

homogenous communication pattern. The analysis of 

communication network structure revealed that 

betweenness centrality and Krackhardt efficiency are 

positively associated with issue tracking efficiency. 

 

We identified some research challenges that are 

partially threads to the validity of our work. On the 

one hand, our data might not cover all communica-

tion of the issue tracking process. We cannot grasp e-

mail, telephone, or face to face communication and 

might therefore have a bias in our data (cf. [21, 15]). 

However, domain experts say that the fraction of 

missed communication is low, basically due to the 

fact that this offline communication is often 

supplemented in the system for documentation 

reasons. 

 

This leads to the major direction of our future work 

which is the advancement of the approaches to derive 

communication networks implicitly coded in existing 

corporate data bases. We will experiment with 

different network definitions and also utilize more 

concepts of social network analysis. Additionally, we 

will develop more sophisticated ways to bridge the 

Table 4. Results of the Correlation Analysis of 

Hypothesis 3 with the social network metric 

betweenness centrality 

Universal Set n = 188 groups 

Pearson‟s Correlation Factor c = -0.18 

Statistical Significance p = 0.01 
 

Table 5. Results of the Correlation Analysis of 

Hypothesis 3 with the social network metric 

Krackhardt efficiency 

Universal Set n = 188 groups 

Pearson‟s Correlation Factor c = -0.31 

Statistical Significance p < 0.001 
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group based network analysis techniques and our 

process oriented research question. 
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